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The Great Plains lie west of the Mississippi River and east of the Rocky Mountains, 3!

rising gradually from about 30 m above sea level to over 5,500 m at the foot of the mountains. 4!

Before their widespread conversion to intensive agriculture, the Great Plains were noted for their 5!

extensive grasslands, from tall-grass prairie in the east to short-grass prairie in the western High 6!

Plains. The generally low relief of the plains is broken in several places, notably by the Ozark 7!

and the Ouachita Mountains, which form the Interior Highlands, the only major mountainous J!

region between the Rocky Mountains and the Appalachian Mountains (see Havstad et al 2009). N!

Soils of the Great Plains region are predominantly Mollisols, characterized by a thick, "E!

dark surface (A) horizon, and a high base saturation.  The dark surface horizon results from the ""!

process of melanization -- darkening via the addition of organic matter. Mollisols form as a result "2!

of long-term accumulations of plant material and are high in organic matter content.  Biological "3!

activity is important in Mollisols, where soil fauna such as earthworms and rodents help break "4!
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down and incorporate organic matter. These soils characteristically form under grassland or "!

prairie vegetation in climates that have a moderate to pronounced seasonal moisture deficits but 2!

under a wide range of temperature regimes.  The typical topography associated with Mollisols is 3!

flat or gently rolling to undulating.  The parent material is associated with unconsolidated 4!

material resulting from glaciation, aeolian deposits (loess) high in calcium, and/or sedimentary 5!

rocks. Mollisols are characteristic not only of North America, but also of the steppes of Europe, 6!

Asia and South America.   7!

The high organic matter soils of the Great Plains are derived from a wide variety of J!

parent materials: limestone, sandstone, shale, metamorphic and igneous outwash (soil deposited N!

by flowing water), and loess (Pieper 2005). Mollisols are typically deep soils with dark A "E!

horizons and high (>50 percent) base saturation, especially Ca (Fig. x); the clay content is evenly ""!

distributed throughout the A and B horizons. The translocation of clays from the B to the A "2!

horizons occurs by a variety of processes, including a common prairie ant (Formica cinerea).  "3!

The development of these dark, relatively fertile soils occurs via the process of “melanization” "4!

involving (1) penetration of plant roots into the soil profile and their subsequent death, (2) decay "5!

of organic material, (3) mixing by soil microorganisms, (4) movement of organic and some "6!

inorganic colloids within the soil by water (eluviation and illuviation), and (5) formation of "7!

resistant "ligno-protein" residues producing the dark color in the soil. These soils generally "J!

support prairie vegetation.  In the eastern, more humid portion of the Great Plains, grassland soils "N!

are dominated by Alfisols.  These soils have developed in higher rainfall environments and have 2E!

undergone moderate leaching and have subsurface accumulation of clay and "35% base 2"!

saturation.  These soils are generally occupied by forests, savannas and open prairies. 22!

At the time of European settlement of the Southern Great Plains, woody plants, including 23!

eastern red cedar (Juniperus virginiana), Ashe juniper (J. ashei), Pinchot or redberry juniper (J. 24!

pinchotii), Rocky Mountain juniper (J. scopulorum), and honey mesquite (Prosopis glandulosa), 25!

were restricted primarily to riparian or deeply dissected areas that seldom experienced fire. 26!

However, beginning early in the 20th century, woody plant encroachment became a substantial 27!

land management issue that continues to occur at a rapid rate. 2J!

 2N!
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Figure 11.  Mollisols are the soils of grassland ecosystems. They are characterized by a thick, 2"!

dark surface horizon. This fertile surface horizon, known as a mollic epipedon, results from the 22!

long-term addition of organic materials derived from plant roots. Image is a Typic Endoaquoll. 23!

http://soils.cals.uidaho.edu/soilorders/mollisols.htm. 24!
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)*'+,+#29-year tree-ring reconstruction (1550-1978) of Texas summer (June-August) PDSI. Annual values -#

are in light red, with a 5-year weighted average in dark red. This time-series was composited from the 13 .#

gridpoint reconstructions within the state of Texas from the gridded network of reconstructions developed ,#

by Cook et al. (1999, 2004) covering most of North America. The composite Texas reconstruction is /#

based on tree-ring data from over 100 sites in Texas and surrounding states. The correlation between the 0#

reconstructed statewide PDSI and the statewide instrumental PDSI record over their common period 1#
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Counties 

At-Risk 

Risk Crops 

Produced in 

At-Risk 

Counties 

(in $1,000s) 

Colorado 55% 35 12 15 8 $1 ,484,453 

Kansas )*+ ,- ./ "- ", 04 ,197,856 

Montana .*+ "* / /1 ) 07 37,187 

Nebraska ,1+ ,- .* "1 "" 06 ,423,909 

New Mex )"+ "1 /- , ) 03 50,376 

!"#$%&'$" )!+# ..# -# .# .-# 0 !,895,935#

Oklahoma ,/+ 1- "2 "1 /) 0 8 91,167 

S Dakota 2*+ !1 - 1 !- 0 /,863,979 

345(678(9#:6;<=#>;?#(8#&@#"-/-#/#
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98**/,')+'I.17.';8>/'-<'8<<,)?1;8*/9='.89+'*./'/A/4*2&'%./'3-21/2*'0/780/'+),'*./'2*8*/')77-,,/0'BCB'
14'*./'5DJE2F'I./4'*./'2*8*/'I82'.1*'3='/1:.*'.-,,1784/2'840'21?'*,)<1789'2*),;2&'%./';)2*',/7/4*'BCJ'
0/780/'.82'892)'2//4'83)A/'8A/,8:/'2*),;'7)-4*2'I1*.'8'*)*89')+'5E'48;/0'2*),;2';8>14:'9840+899F'BCH'
+1A/')+'I.17.'I/,/'.-,,1784/2&'K/,.8<2'*./';)2*';/;),839/'*,)<1789'2*),;'/A/4*'I82'*./'BCC'
L89A/2*)4'M8*/:),='$)-,'.-,,1784/'*.8*';80/'9840+899'14'N/<*/;3/,F'5DEE&'%.12'2*),;',/2-9*/0'14'BCO'
8<<,)?1;8*/9='/1:.*'*.)-2840'+8*891*1/2&''BCG'
'BCD'
#2'14')*./,',/:1)42F'*./';8P),'1;<87*2')+'*,)<1789'7=79)4/2'14'%/?82'784'3/'8**,13-*/0'*)'2*,)4:'BOE'
I1402F'+9))014:'+,);'./8A=',814+899F'840'2*),;'2-,:/&'#77),014:'*)'")*.'Q6EEERF'*./'*,)<1789'BO5'
2*),;S.-,,1784/',814+899',/7),0'+),'%/?82')77-,,/0'14'/8,9='#-:-2*F'5DOG'8*'T9-++F'%/?82F'I1*.'8'BO6'
2*),;'*)*89')+'JC'147./2&'")*.'Q6EEER'892)'912*2'/1:.*')*./,')77-,,/47/2'I./,/'2*),;',814+899'*)*892'BOB'
I/,/'14'/?7/22')+'BE'147./2&'U4'8001*1)4'*)'*),,/4*189',814+899F'.-,,1784/2'.8A/'892)',/2-9*/0'14'BOJ'
0/A82*8*14:'I1402'89)4:'*./'7)82*')+'%/?82&'U4'#-:-2*'5DOEF'I140'2<//02')+'5GE';19/2'</,'.)-,'BOH'
I/,/',/7),0/0'8*'#,84282'K822'Q")*.'6EEER&'%./,/'.8A/'892)'3//4'414/'142*847/2'I./,/'*,)<1789'BOC'
7=79)4/'I140'2<//02'I/,/',/7),0/0'14'/?7/22')+'5B5';19/2'</,'.)-,'Q9)I/,'91;1*'I140'2<//0'+),'8'BOO'
M8*/:),='$)-,'V-,,1784/R'Q")*.'6EEER&'U4+),;8*1)4')4'2*),;'2-,:/2'14'%/?82'12'4)*',/8019='BOG'
8A819839/W'.)I/A/,F'")*.'Q6EEER'4)*/2'*.8*'2*),;'2-,:/2'.8A/',/87./0'./1:.*2')+'*I/4*='+//*F'I1*.'BOD'
2/A/,89'142*847/2')+';/82-,/0'2-,:/2'8*'),'83)A/'*/4'+//*&'#'0/*819/0'0/27,1<*1)4')+':-9+'2*),;'BGE'
2-,:/2'784'892)'3/'+)-40'14'(//0.8;'840'X/1;'Q6E55R&''BG5'
'BG6'
!"#$%"&'()*+,&'$#(-"+*.()*/%01($%0(2#&.$"/(23$%4/(BGB'

#2'791;8*/';)0/92'>//<'*,/4014:'*)I8,0'8'I8,;/,'<984/*F'271/4*12*2'8,/'7)4*14-899='+87/0'I1*.'BGJ'
;84=',/2/8,7.'<,)39/;2&'#;)4:'*./';)2*'01++17-9*')+'<,)39/;2'14A)9A/2'*./'122-/')+'.)I'791;8*/'BGH'
7.84:/';8='1;<87*'*./'+,/Y-/47='840'14*/421*=')+'*,)<1789'7=79)4/'87*1A1*=&'%./'+),/782*14:')+'84='BGC'
:1A/4'.-,,1784/'2/82)4'12'8'08-4*14:'*82>F'I.17.'14A)9A/2'8':,/8*'0/89')+'/++),*'840';)0/914:&'%.12'BGO'
*82>'3/7);/2'147,/8214:9='01++17-9*'I./4'7)4210/,14:'.)I'*./'791;8*)9):=')+'*./'.-,,1784/'2/82)4'BGG'
I199'3/'8++/7*/0'-40/,'8'791;8*/'I8,;14:'27/48,1)&''BGD'
'BDE'
#'<,1;8,='7)47/,4'8;)4:'271/4*12*2'</,*8142'*)'*./'Y-891*=')+'08*8&'Z84='2*-01/2'8,:-/'*.8*'*./'BD5'
Y-891*=')+'*./'*,)<1789'7=79)4/'08*8'+),'*./'4),*.'#*984*17'38214'12'142-++171/4*'+),'*./'0/*/,;148*1)4'BD6'
)+'*,/402'14'2*),;'7)-4*2'Q[8402/8'/*'89&'6EECR&'L)90/43/,:'/*'89&'Q6EE5R'2*8*/'*.8*'*.12'08*8'<,1),'BDB'
*)'5DJJF'I.17.'<,/7/0/2'81,7,8+*',/7)448122847/F'12'4)*'7)4210/,/0',/91839/'840'78-*1)4'2.)-90'3/'BDJ'
/?/,712/0'I1*.'1*2'-28:/'14',/2/8,7.'8489=2/2&'%./'122-/')+'08*8'Y-891*='12'892)'7)4210/,/0'3='@I/42'BDH'
840'[8402/8'Q6EEBRF'71*14:'5DJJ'82'*./'2*8,*')+'7);<9/*/'840',/91839/'08*8'+),'*./'(),*.'#*984*17'BDC'
,/:1)4&'T='7)4*,82*F')*./,'2*-01/2'140178*/'*.8*'*./2/'122-/2')+'08*8'Y-891*='8,/'4)*'2-32*84*189'BDO'
/4)-:.'*)'<,/79-0/'*,/40'8489=2/2'Q\;84-/9'6EEHW']/32*/,'/*'89&'6EEHW'V)=)2'/*'89&'6EECW'\924/,'BDG'
/*'89&'6EEGW'V)99840'840']/32*/,'6EEOR&'BDD'
'JEE'
!8*8'Y-891*='122-/2'8210/F';84='2*-01/2'.8A/'800,/22/0'*./'122-/2')+'*,/402'14'*,)<1789'7=79)4/'JE5'
87*1A1*='14'*./'(),*.'#*984*17'T8214F'840'.)I'791;8*/'7.84:/';8='1;<87*'*./'+,/Y-/47='840'JE6'
14*/421*=')+'*,)<1789'7=79)4/2&'V)99840'840']/32*/,'Q6EEOR'/?8;14/'*,)<1789'2*),;'840'.-,,1784/'JEB'
+,/Y-/47='+),'*./'(),*.'#*984*17'@7/84')A/,'*./'<82*'7/4*-,=&'%./1,'2*-0='10/4*1+1/2'*.,//'012*147*'JEJ'
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,/718/2'95:;<=5:6;>'5:65=5::?>'5::<=@;;<A&'%./1,'+1401472'1BB-2*,C*/'C'8C,D/0'14E,/C2/')+'?;<'
CFF,)G18C*/BH'+1+*H'F/,E/4*'14'/CE.',/718/')I/,'*18/&'%./1,')32/,I/0'14E,/C2/'14'*,)F1ECB'EHEB)4/'?;J'
+,/K-/4EH'12'E)88/42-,C*/'L1*.')32/,I/0'14E,/C2/2'14'#*BC4*1E'2/C'2-,+CE/'*/8F/,C*-,/2&'M)BBC40'?;N'
C40'O/32*/,!9@;;NA'E)4EB-0/'*.C*')32/,I/0'14E,/C2/2'C,/'*./'E)8314/0',/2-B*')+'3)*.'4C*-,CB'?;P'
IC,1C31B1*H'C40'C4*.,)F)7/41E=140-E/0'7,//4.)-2/'LC,8147&'Q8C4-/B'9@;;<AR'SC44'C40'Q8C4-/B'?;:'
9@;;JAR'C40'O/32*/,'/*'CB&'9@;;<A'CB2)'E)4EB-0/'*.C*'14E,/C2/2'14'#*BC4*1E'*,)F1ECB'EHEB)4/'CE*1I1*H'?5;'
C,/'B1D/BH'3/147'0,1I/4'3H'7,//4.)-2/=140-E/0'LC,8147&'T)B0/43/,7'/*'CB&'9@;;5AR')4'*./')*./,'?55'
.C40R'8C14*C14'*.C*'4C*-,CB'IC,1C31B1*H'14'*./'#*BC4*1E'S-B*10/EC0CB'U2E1BBC*1)4'8CH'3/'*./'F,18C,H'?5@'
0,1I/,'3/.140'*./')32/,I/0'14E,/C2147'*,/402&'VC402/C'9@;;NA'C22/,*2'*.C*'L./4'0C*C'C,/'C0W-2*/0'?56'
+),'8122147'2*),82R'C'21741+1EC4*'*,/40'12'4)*'/I10/4*&'%./2/'+1401472'C,/'CB2)'E)4212*/4*'L1*.')*./,'?5?'
2*-01/2'L.1E.'EBC18'*.C*')32/,I/0'14E,/C2/2'14'2*),8'CE*1I1*H')I/,'*./'FC2*'E/4*-,H'C,/'4)*'/4*1,/BH'?5<'
)3I1)-2R'0/2F1*/'*./')32/,I/0'14E,/C2/2'14'#*BC4*1E'2/C'2-,+CE/'*/8F/,C*-,/2'9/&7&'X/EE.1'C40'?5J'
Y4-*2)4'@;;P>'QB24/,'/*'CB&'@;;P>'Y4-*2)4'/*'CB&'@;5;A&'Z4'C'2*-0H'3H'QB24/,'/*'CB&'9@;;PAR',/2-B*2'?5N'
1401EC*/'C4'14E,/C2147'*,/40'14'*./'14*/421*H')+'2*,)47'*,)F1ECB'EHEB)4/2&'%./1,'2*-0H'/GC814/2'?5P'
*,/402'14'B1+/*18/=8CG18-8'L140'2F//02'C40'4)*/2'C4'-FLC,0'*,/40')I/,'*18/'+),'*./'(),*.'?5:'
#*BC4*1ER')L147'*)'14E,/C2/2'14')E/C41E'/4/,7H',/2-B*147'+,)8'14E,/C2/2'14'#*BC4*1E'2/C'2-,+CE/'?@;'
*/8F/,C*-,/2&''?@5'
'?@@'
SC4H'2*-01/2'.CI/'/GC814/0'*./'+-*-,/')+'#*BC4*1E'*,)F1ECB'EHEB)4/'CE*1I1*H&'%.)-7.'C'3-BD')+'*./2/'?@6'
2*-01/2'E)4EB-0/'*.C*'7B)3CB'LC,8147'L1BB'8),/'*.C4'B1D/BH',/2-B*'14'C4'14E,/C2/'14'3)*.'*./'?@?'
+,/K-/4EH'C40'14*/421*H')+'/I/4*2'9/&7&'Z[\\R'@;;NCAR'C'0/3C*/',/8C142'C2'*)'.)L'*./'EB18C*)B)7H'?@<'
)+'*,)F1ECB'2*),82'L1BB'-B*18C*/BH'3/'C++/E*/0&'Y4-*2)4'/*'CB&'9@;5;A'EC-*1)4'*.C*'1*'12'4)*'/4*1,/BH'?@J'
EB/C,'L./*./,'*./'IC,1C31B1*H')+'*,)F1ECB'EHEB)4/'CE*1I1*H'.C2'/GE//0/0'*.C*'L.1E.'12'/GF/E*/0'3H'?@N'
4C*-,CB'EC-2/2&'%./'C-*.),2'4)*/'*.C*'8)0/B147'2*-01/2'2-77/2*'C'2.1+*'*)LC,0'2*,)47/,'2*),82R'?@P'
L1*.'0/E,/C2/2'14'7B)3CB=2ECB/'+,/K-/4EH')4'*./'),0/,')+'21G'*)'*.1,*H=+)-,'F/,E/4*&']/47*22)4'"#!$%&'?@:'
9@;;NA'/GC814/'*,)F1ECB'EHEB)4/2'14'*./'4),*./,4'./812F./,/'-2147'*./'SCG'[BC4ED'Z42*1*-*/'?6;'
E)-FB/0'Q\M#S<^S[Z=US'C40'C*8)2F./,/'9Q\M#S<A'8)0/B2&'%./1,',/2-B*2'1401EC*/'C',/0-E*1)4'?65'
14'2*),8'4-83/,2'3/*L//4'*./'414/*//4*.'C40'*L/4*1/*.'E/4*-,1/2R'L1*.'4)'21741+1EC4*'E.C47/'14'?6@'
*./'4-83/,')+'14*/42/'2*),82&'O./4'+)E-2147')4'*./'*L/4*H=+1,2*'E/4*-,HR']/47*22)4'/*'CB&'9@;;NA'?66'
+140'*.C*'*,)F1ECB'EHEB)4/'E)-4*2'0/E,/C2/'3H'CFF,)G18C*/BH'*/4'F/,E/4*R'L./,/C2'*./'+,/K-/4EH')+'?6?'
14*/42/'2*),82'14E,/C2/'3H'CFF,)G18C*/BH')4/'*.1,0&'"/0-E*1)42'14'2*),8'E)-4*'8CH'3/'*./',/2-B*'?6<'
)+'*./'E)8314/0'/++/E*')+'C',/0-E*1)4'14'I/,*1ECB'E1,E-BC*1)4'C40'C4'14E,/C2/'14'2*C*1E'2*C31B1*H&'#'?6J'
2*-0H'3H'X/EE.1'C40'_)0/4'9@;;NA'/GC814/2'/17.*//4')+'*./'8)0/B2'-2/0'+),'*./'@;;N'Z[\\'EB18C*/'?6N'
,/F),*&'%./1,'+1401472'0/8)42*,C*/'*.C*'+),'*./'*L/4*H=+1,2*'E/4*-,HR'*./,/'12'C'8)0/B/0'14E,/C2/'14'?6P'
I/,*1ECB'L140'2./C,')I/,'*./'E,1*1ECB'*,)F1ECB'2*),8'2/C2)4'8)4*.2')+'`-4/'*)'()I/83/,&'%./2/'?6:'
+1401472'C,/'3C2/0')4'*./'*HF1ECB'#5]'2E/4C,1)'90)-3B147')+'EC,3)4'01)G10/'*)'N@;FF8'3H'@5;;A&'??;'
%./'C-*.),2'4)*/'*.C*'8)0/B/0'14E,/C2/2'14'I/,*1ECB'L140'2./C,'2.)-B0'3/'E)4210/,/0'14'??5'
F,)W/E*1)42')+'+-*-,/'EHEB)4/'CE*1I1*H&'Z4E,/C2/2'14'L140'2./C,'2-FF),*'C',/0-E*1)4'14'*./'4-83/,')+'??@'
*,)F1ECB'EHEB)4/'/I/4*2&'M)L/I/,R'1*'12'01++1E-B*'.)L'*)'C22/22'.)L'*.12'8CH'18FCE*'2*),8'14*/421*H&'' '??6'
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7.849/2'14'2/8':/;/:'<84',/2-:*'+,)='/1*./,'8',12/'14')</841<'>8*/,':/;/:?':840'2-3210/4</?'),'8'66@'
<)=314/0'/++/<*')+'*./2/'*>)';8,183:/2&'A*'12'*./,/+),/'8';/,B'01++1<-:*'C,)</22'*)'2*-0B'840'=)0/:&'66D'
E):F/,'/*'8:&'GHI55J'4)*/'*.8*'*./'C,1=8,B'0,1;/,')+'2-3210/4</'14'*./'K-:+')+'L/M1<)'=8B'3/'66N'
2-32-,+8</'+:-10'>1*.0,8>8:&'O4+),*-48*/:B?',/2/8,<.'>.1<.'+)<-2/2')4'2-3210/4</'14'%/M82'12'4)*'66P'
>/::'0)<-=/4*/0&'#001*1)48::B?'+/>/,'2*-01/2'/M12*'>.1<.'/M8=14/'*./'<)=314/0'/++/<*')+'66Q'
2-3210/4</'840'2/8R:/;/:'<.849/2&'S4/'2*-0B'3B'T/4:840'840'"8=2/B'G5QQIJ'/M8=14/2'2/8R:/;/:'6@I'
,12/2'14'*./'K-:+')+'L/M1<)'+),'*./'C/,1)0')+'5QIP'*)'5QPP&'%./1,',/2-:*2'2.)>'*.8*'*./'.19./2*'6@5'
)32/,;/0'2/8':/;/:',12/2');/,'*./1,'2*-0B'C/,1)0'8,/')32/,;/0'8:)49'*./'U)-121848'<)82*:14/&'%./B'6@H'
4)*/'*.8*'K8:;/2*)4?'%/M82?'12'/MC/,1/4<149'84'8;/,89/'2/8R:/;/:',12/')+'8CC,)M1=8*/:B'I&DV'<='C/,'6@V'
B/8,?'>.1<.'12'2:19.*:B':)>/,'*.84'*./'U)-121848',8*/')+'5&I6'<='C/,'B/8,&'#<<),0149'*)'7.-,<.'840'6@6'
W.1*/'GHIIDJ?'9:)38:'2/8R:/;/:',12/'.82'8;/,89/0'8CC,)M1=8*/:B'5&N'=='C/,'B/8,');/,'*./'C82*'6@@'
</4*-,B&'#<<),0149'*)'!)4)9.-/'GHI55J'840'(S##'GHI5IJ?'2/8R:/;/:',12/2'8:)49'*./'%/M82'<)82*'6@D'
.8;/',849/0'+,)='82':)>'82'5&QV'=='C/,'B/8,'G5QDVRHI5IJ?'*)'82'.19.'82'D&VQ'=='C/,'B/8,'8*'6@N'
K8:;/2*)4'T1/,&'T),*'A283/:?'%/M82?'840'T80,/'A2:840?'%/M82?'.8;/'8;/,89/0'8CC,)M1=8*/:B'V&D6'840'6@P'
V&P6'=='C/,'B/8,')+'2/8':/;/:',12/?',/2C/<*1;/:B'G!)4)9.-/'HI55J&'%./'2*-0B')+'!)4)9.-/'GHI55J'6@Q'
4)*/2'*.8*'<.849/2'14'2/8':/;/:'>1*.14'*./'4),*./,4'K-:+')+'L/M1<)'.8;/',/+:/<*/0'*.8*'>.1<.'.82'6DI'
3//4')32/,;/0'9:)38::B&'A*'12'*./,/+),/',/82)483:/'*)'14+/,'*.8*'9:)38:'C,)X/<*1)42')+'2/8':/;/:',12/'6D5'
=19.*'2-++1</'82'84'80/Y-8*/'/2*1=8*/')+'.)>'2/8':/;/:'=8B'<.849/'14'*./'K-:+')+'L/M1<)&'%./'AT77'6DH'
GHIIN3J'1401<8*/2'*.8*'=)0/:2'8,/'C,/01<*149'8'9:)38:'2/8':/;/:',12/')+'8CC,)M1=8*/:B'5P'*)'@Q'<='3B'6DV'
*./'B/8,'H5II&''6D6'
'6D@'
'6DD'
!"#$%&#'()*+,-.(6DN'
'6DP'
+","-#'$6DQ'

#44-8:'C,/<1C1*8*1)4'G$19&'DJ'>82'9,/8*/,'*.84'4),=8:'0-,149'*./'5QQI2?':/22'*.84'4),=8:'0-,149'6NI'
*./'/8,:B'HIII2?'840'9,/8*/,'*.84'4),=8:'0-,149'*./':82*'+/>'B/8,2&'%./'/8,:B'5Q@I2'>/,/'*./'0,1/2*'6N5'
=-:*1RB/8,'C/,1)0?'840'14<:-0/0'*./'2149:/'0,1/2*'B/8,')4',/<),0?'5Q@D&'%./'5QVI2'>/,/'4/8,:B'82'6NH'
0,B&'%./'>/**/2*'2149:/'B/8,')4',/<),0'>82'5Q65&'Z-==/,'C,/<1C1*8*1)4'84)=8:1/2'8,/';/,B'21=1:8,'6NV'
*)'*./'844-8:'3/.8;1),&'%./'+:))0'B/8,')+'5QQV'>82'*./'2/<)40'>/**/2*'2-==/,')4',/<),0?'8+*/,'6N6'
5Q5@&''6N@'
'6ND'
%/=C/,8*-,/2'.8;/'3//4'9/4/,8::B'83);/'*./':)49R*/,='8;/,89/'+),'*./':82*'HI'B/8,2'G$19&'DJ?'3)*.'6NN'
844-8::B'840'+),'2-==/,&'#44-8::B?'8::'3-*'V'B/8,2'.8;/'3//4'83);/'*./':)49R*/,='8;/,89/&'%./'6NP'
>8,=/2*'B/8,2')4',/<),0'>/,/'5QV6'840'HIID'G;1,*-8:'*1/J&'%./'./8*'*.8*')<<-,,/0'0-,149'*./'!-2*'6NQ'
[)>:'/,8'12';/,B'/;10/4*'14'*./'2-==/,'*1=/'2/,1/2&'%./'>8,=/2*'2-==/,')4',/<),0'>82'5QVD?'6PI'
>1*.'*./'2/<)40'>8,=/2*'3/149'5QV6&'\19.*')+'*./':82*'*/4'2-==/,2'.8;/'3//4'83);/'8;/,89/&'6P5'
%/=C/,8*-,/2'0-,149'*./')*./,'2/82)42'G4)*'2.)>4J'.8;/'8:2)'9/4/,8::B'3//4'83);/'8;/,89/&'6PH'
Z*8*/2'14'*./'4),*./,4'C),*1)4')+'*./'K,/8*'T:8142',/91)4'.8;/'/MC/,1/4</0'*./'=)2*'<.849/'14'6PV'
*./1,':)49R*/,='8;/,89/'*/=C/,8*-,/2&'$),'142*84</?'(),*.'!8F)*8]2'844-8:'8;/,89/'*/=C/,8*-,/'6P6'
14<,/82/0'I&HD^$'C/,'0/<80/'0-,149'*./':82*'5VI'B/8,2?'*./'+82*/2*'14<,/82/'14'*./'48*1)4&''6P@'
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($,$"(./7%,-./%",%.2*8")$%./"+#$%$55$.),%&+%."9$%$+9*(&+8$+),%&(%.2*8")$%*+1-.$1%./"+#$,%)&%9*,*)")*&+4%:%

"+1%&''&()-+*)*$,%5&(%,)(")$#*.%."'".*);%<-*21*+#7%,-./%",%*+)$#(")$1%($,$"(./%"+1%8&+*)&(*+#%=%

'"()+$(,/*',%0*)/%2&."2%-+*9$(,*)*$,7%"#$+.*$,7%"+1%9&2-+)$$(%#(&-',>%?%

@@@@@@@@@@@@@@%ABC%D%E($"F&-)%<&3%&+%G.$+"(*&%"''2*.")*&+,%@@@@@@@@@@@%H%
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"+"2;,*,M%N%
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.2*8")$%./"+#$%$55$.),%*+%8*+1>%B&0%)/")%$55&(),%"($%8&9*+#%5&(0"(1%)&%&(#"+*Q$%&<,$(9")*&+,%)&%6=%

,'$.*5*."22;%"11($,,%.2*8")$%./"+#$%7%*)%*,%.(*)*."2%)&%$9"2-")$%)/$%8"++$(%*+%)/$,$%&<,$(9*+#%,;,)$8,%6?%

'(&9*1$%*+5&(8")*&+%"+1%)&%,$$F%,;+$(#*$,%"8&+#%)/$%9"(*&-,%$55&(),%)&%1$9$2&'%"%.&8'($/$+,*9$%6H%

,;,)$8%&5%&<,$(9")*&+,%"+1%",,$,,8$+),>%%W*#-($%=%%*22-,)(")$,%&+$%$3*,)*+#%$3"8'2$%&5%"%5-+.)*&+"27%6L%

*+)$#(")$1%,;,)$8%.&+,*,)*+#%&5%8-2)*'2$%&<,$(9*+#7%8&1$2*+#7%"+1%$9"2-")*&+%.&8'&+$+),%)/")%6N%

"11($,,$,%)/$%,&.*$)"2%+$$1%)&%",,$,,%,&-(.$,%"+1%52-3$,%*+%XY:%"+1%&)/$(%."(<&+%'&&2,>%6P%

$%&'("!)*+,-.+/-,0>%%A3"8'2$,%&5%$3*,)*+#%W$1$("2%'(&#("8,%)/")%8&+*)&(%"+1%$9"2-")$%Z($")%!2"*+,%
($,&-(.$,%"+1%'(&.$,,$,%($2$9"+)%)&%",,$,,8$+)%&5%.2*8")$%./"+#$,%"+1%9-2+$("<*2*)*$,>%J[AZ%D%*)%2&&F,%
2*F$%)/*,%)"<2$%*,%,-''&,$1%)&%,-''&()%W*#-($%=I+)$#!(#8,>%%I)%1&$,%+&)%.-(($+)2;%1&%,&M>%
Organization & Program 1('(2%,."3+4- Reference 
U.S. Department of Agriculture   
 GB&U$2% Snow and water monitoring> http://www.wcc.nrcs.usda.gov/sn

ow/ 
 Animal and Plant Health Inspection 

Service%JV!\IGM 
Pests, diseases surveys and monitoring> http://www.aphis.usda.gov/ 

 Natural Resources Inventory (NRI) Land use, land cover, erosion, 
wetlands> 

http://www.nrcs.usda.gov/wps/p
ortal/nrcs/main/national/technica
l/nra/nri 

 Forest Inventory and Analysis%JWIVM Forest ex)$+)7%.&8'&,*)*&+7%.&+1*)*&+7%
*+9",*9$%,'$.*$, 

/))']^^000>5*">5,>5$1>-,^ 

 V#(*.-2)-("2%G)")*,)*.,%G$(9*.$% X(&',7%1$8&#("'/*.,7%2*9$,)&.F7%
$.&+&8*.,%

/))']^^000>+",,>-,1">#&9^*+1$
3>",'%

    
5)6)"7(8%/.9(,."+:".;("<,.(/-+/   
 B")*&+"2%_")$(K`-"2*);%V,,$,,8$+)%

!(&#("8%JBV_`VM 
S&+*)&(*+#%"+1%",,$,,8$+)%&5%#(&-+1%
"+1%,-(5".$%0")$(%.&8'&,*)*&+7%
"))(*<-)$,7%"+1%O-"2*);> 

/))']^^0")$(>-,#,>#&9^+"0O"^ 

 B")*&+"2%_")$(%I+5&(8")*&+%G;,)$8 a$"2K)*8$%"+1%/*,)&(*."2%52&0,7%2$9$2,7%
8$)$&(&2&#*."2%1")"7%"+1%",,&.*")$1%
"))(*<-)$,%&5%,-(5".$%"+1%,-<,-(5".$%
0")$(, 

/))']^^0")$(1")">-,#,>#&9^+0*, 
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 &'($')*+,%"'-%.*'/)*+/'#%!+*#+"0 1$,%/'-/2")*+3%*4%'")5+"6%+$3*5+2$3%/'%
'")/*'"6%7"+8%5'/)3 

9))7:;;32/$'2$<'")5+$<'73<#*(;/
0; 

%&'()*&+,&-./#0)*-,1-(*&#23,&14   
 =6/0")$%29"'#$%/'-/2")*+3 >+$$'9*53$%#"3$3?%26/0")$%/'-/2")*+3?%

$2*3,3)$0%+$37*'3$3 
9))7:;;@@@<$7"<#*(;26/0")$29"
'#$;/'-/2")*+3<9)06 

    
% % %
5.-(*&./#61,.&(1#.&7#2-+*89:,)(1#27+(&(8-).-(*&#
%  % %
% National Weather Service A*2"6%)*%#6*B"6%@$")9$+?%9,-+*6*#,?%

3)*+03?%"'-%*)9$+%9"C"+-3%
9))7:;;@@@<'@3<'*""<#*(;%

% National Integrated Drought Information 
System  

&'4*+0")/*'%*'%9/3)*+/2"6?%25++$')?%"'-%
$0$+#/'#%-+*5#9)%

9))7:;;@@@<-+*5#9)<#*(%

;</-(23,&14%
% National Land Cover Data D")/*'"6%6"'-%2*($+%)+$'-3%E.FA=G% 9))7:;;@@@<0+62<#*(;%

% D")/*'"6%H)0*379$+/2%I$7*3/)/*'%
!+*#+"0%EDHI!G%

H)0*379$+/2%2*07*3/)/*'?%-$7*3/)/*'<% 9))7:;;'"-7<3@3<5/52<$-5;%

% % % %
% % % %

%J%

KKKKKKKKKKKB*L%MD%&DNO>FHNOI%P=QO.H%RMF%S&M>OM=QO.&=HA%MSPOFTHN&MDPKKKKKKKKKKKKKK%U%



!"#$#! " # $ #
%

%

%&%

!"#$%&'!()!*!+,-+'./%01!0-0123#3!0-4!5,&'+03/!,5!/6'!7)8)!'+,323/'9!+0&:,-!:%4$'/!4'&#;'4!5&,9!'%
9%1/#3+01'!,:3'&;0/#,-3!0-4!0-!#-/'$&0/'4!+0&:,-!033#9#10/#,-!9,4'1)!!<7=!>!<#$6/!%3'!'55#+#'-+2?!@7=!>!(%
A0/'&!%3'!'55#+#'-+2?!B<C!>!/6'!DB*E!B,99%-#/2!<0-4!C,4'1!FG,-0-!'/!01)?!HIIHJ?!<*K!>!1'05!0&'0!#-4'L?!)%

"K*!>!",&'3/!K-;'-/,&2!0-4!*-0123#3!,5!/6'!78M*?!DEK!>!D0/%&01!E'3,%&+'3!K-;'-/,&2!,5!/6'!78M*?!CNMK8!*%
>!/6'!C,4'&0/'!E'3,1%/#,-!K90$#-$!8.'+/&,&04#,9'/'&!30/'11#/'!#-3/&%9'-/?!",1#0&!D!>!5,1#0&!-#/&,$'-)!!+%
B0&:,-O&0+P'&!#3!0!DN**!/,,1!/60/!'3/#90/'3!+0&:,-!51%L'3!5&,9!0/9,3.6'&#+!BNH!9'03%&'9'-/3!0-4!,%

&'10/'4!9'/',&,1,$2!F8,%&+'Q!!D=ND!N:3'&;0/,&2!M'3#$-?!HIIRJ)!-%

./%012345"/5%6$"574$%36%58$%$93:;:5$1%9"4<3/%13=$>:%0:%58"5%58$;%9"/%<$%9312"4$=%53%58$%501$%?%
@"4;0/#%93/9$/54"503/:%36%"513:28$409%9"4<3/%=03A0=$%":%"%1$"/:%53B"4=%13=$>%@">0="503/%CD"4<3/%&E%
F4"9G$4HI%%F80:%9312"40:3/%4$J704$:%<40=#0/#%"943::%501$%:9">$:%36%13=$>%4$:23/:$%B8$4$%1$":74"<>$%&&%

"513:28$409%@"40"503/:%39974%3/%1798%:8345$4%501$%:9">$:%C:$93/=:%53%=";:H%":%3223:$=%53%1$":74"<>$%&'%
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$&'()(*$+%,-./$(%"01%(*'&2%&3"0#$(%43'.5(%*'%1$&"1$(67%%89$0%:;*3%*3;(%*;+$(&"-$%+;(+"*&3<%*3$%=%
"*+'(>3$5;&%&'0(*5";0*(%>5'9;1$%"0%;+>'5*"0*%*$(*%,'5%$&'()(*$+%+'1$-%>5$1;&*;'0(7%?%

#@%

%%%%%&'(#')#*+,+-*./#0#1-)-2+1+)3#45-6'27+#-)4#8-*35.58-)3#+)2-2+1+)3%%%%#A%

#B%

#C%
9-,+#:374;<#:.5+)35,3,#-)4#=-)-2+*,#>'*?5)2#@'2+3/+*#3'#A5)4#:'6735'),#B'*#'7*#C-35')-6#D*-,,6-)4,%%D%

%E%

F$&$0*%$,,'5*(%*'%$0#"#$%"%+'5$%$,,$&*;9$%1;"-'#.$%G$*:$$0%5$('.5&$%+"0"#$5(%"01%5$($"5&3$5(%3"9$%H%

*"2$0%>-"&$%"5'.01%*3$%&'.0*5)<%;0&-.1;0#%*3$%I5$"*%!-";0(7%J0$%(.&3%$,,'5*%:"(%5$&$0*-)%&'01.&*$1%G)%=K%

*3$%LM%N'5$(*%M$59;&$<%*35'.#3%&''51;0"*;'0%$,,'5*(%',%*3$%F'&2)%O'.0*";0%F$($"5&3%M*"*;'0%"01%*3$%==%

F'&2)%O'.0*";0%F$#;'0%',%*3$%N'5$(*%M$59;&$<%%"01%;0&-.1$%5$($"5&3$5(%,5'+%*3$%P#5;&.-*.5"-%F$($"5&3%=?%

M$59;&$<%N'5$(*%M$59;&$<%"01%"&"1$+;&%;0(*;*.*;'0(7%Q3;(%$,,'5*%;0;*;"*$1%%"%(3"5;0#%',%20':-$1#$%"+'0#%=@%

I5$"*%!-";0(%(&;$0*;(*(%"01%+"0"#$5(%'0%*3$%*'>;&%',%&-;+"*$%&3"0#$%G)%3'(*;0#%*:'%$9$0*(R%"%1")S-'0#%=A%

:$G;0"5%'0%*3$%(&;$0&$%,;01;0#(%"01%"%,'--':S.>%:'52(3'>%9;"%9;1$'%*$-$&'0,$5$0&$%:;*3%"%#5'.>%',%=B%

;09;*$1%+"0"#$5(%"01%(&;$0*;(*(%*'%1;(&.((%;((.$(%&5;*;&"-%*'%+"0"#$5(%"01%>'*$0*;"-%1$&;(;'0S(.>>'5*%=C%

*''-(7%%=D%
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